Objectives-To describe the neuropathological features in skin biopsies from patients with diabetic truncal neuropathy. Methods-Three patients with diabetic truncal neuropathy underwent skin biopsies from both symptomatic and asymptomatic regions of the chest and trunk. After local anaesthesia, biopsies were performed using a 3 mm diameter punch device (Acupunch). Intraepidermal nerve fibres (IENFs), the most distal processes of small myelinated and unmyelinated nerve fibres, were identified after staining with PGP 9.5 as previously described. Results-Diabetes was diagnosed at the time of the neurological presentation in two, and one was a known diabetic patient. All three had associated sensory-motor polyneuropathy. In all, skin biopsies showed a marked reduction of both epidermal and dermal nerve fibres in the symptomatic dermatomes, compared with skin from asymptomatic truncal areas. In one patient, a follow up skin biopsy when symptoms had improved showed a return of IENFs. Conclusions-In diabetic truncal neuropathy, skin biopsies from symptomatic regions show a loss of IENFs. After clinical recovery, there is a return of the IENF population, suggesting that improvement occurs by nerve regeneration. These findings suggest that sensory nerve fibre injury in diabetic truncal neuropathy is distal to or within the sensory ganglia. Skin biopsy provides a possible tool for understanding the pathophysiology of the disease. (J Neurol Neurosurg Psychiatry 1998;65:762-766) Keywords: diabetic truncal neuropathy; diabetes; neuropathy; skin biopsy Diabetic truncal neuropathy is one of the many peripheral neuropathic syndromes that may occur in diabetic patients.
Diabetic truncal neuropathy is one of the many peripheral neuropathic syndromes that may occur in diabetic patients. 1 Its clinical and electrodiagnostic features have been well described by various authors. [2] [3] [4] [5] [6] Although this diabetic neuropathy has been considered a distinct entity since 1966, 7 it has been referred to by diVerent names: diabetic thoracoabdominal radiculoneuropathy, acute thoracic sensory radiculopathy, diabetic intercostal neuralgia, and diabetic pseudovisceral syndrome. 6 These various designations reflect the lack of definite information about the anatomical localisation of the disorder-peripheral nerve, spinal roots, dorsal root ganglia or all three-and the pathogenesis.
Diabetic truncal neuropathy usually aVects the middle and lower thoracic segments, either unilaterally or bilaterally, with a predilection for T8 through T12. Both abrupt and gradual onset of symptoms have been described. 2-4 8 9 Although diabetic truncal neuropathy can occur in isolation, more often it has been reported in association with other diabetic neuropathies, particularly symmetric polyneuropathy and amyotrophy.
To our knowledge, pathological alterations in diabetic truncal neuropathy have not previously been reported. Prior studies have shown that morphological and morphometric studies of unmyelinated intraepidermal nerve fibres (IENFs) identified from a punch skin biopsy with the panaxonal marker PGP 9.5 is a useful tool for assessment of sensory fibres. [10] [11] [12] [13] We report the neuropathological features in the aVected skin of three patients with diabetic truncal neuropathy and compare them to findings from asymptomatic skin in the same patients.
Methods
Skin biopsies were taken from symmetric areas of the right and left back, or chest, or both, which included both symptomatic and asymptomatic regions. After obtaining informed consent, skin biopsies were performed using a 3 mm diameter punch device (Acupunch), after anaesthesia by local injection with 2% lidocaine with adrenalin. Tissues were processed, and IENFs identified as previously described.
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All patients underwent thorough neurological, cardiac, and gastrointestinal examinations, nerve conduction studies (NCS), needle EMG, and thoracic spine MRI.
Results

PATIENT 1
A 71 year old man developed a sharp, burning pain along the belt line, but only anteriorly. Non-insulin dependent diabetes was found, and oral hypoglycaemic medication begun. He had been a borderline diabetic for at least 5 years. Four months after its onset, the truncal pain suddenly disappeared. After three asymptomatic weeks, he developed mild pain over the left chest associated with a sensation of "needles and knives", worsened by touch. A heavy pressure pain then developed around the back. During this period he had hypersensitivity over the left chest from T4 to T6. Sensation to hot, cold, and pinprick were decreased in the T3-T8 area. Touching the anterior chest caused the sensation of tingling. Vibratory thresholds in the fingers and toes were markedly increased, with normal pinprick, touch, and position sensation. Cardiac and abdominal evaluations and thoracic spine MRI were normal. Nerve conduction studies disclosed a sensory polyneuropathy, a right median neuropathy at the wrist, and a right ulnar neuropathy at the elbow; EMG showed fibrillations and positive waves in the left T6 paraspinal muscles. Left truncal symptoms progressively improved over the next 6 months and then completely disappeared.
Skin biopsies were taken from the left and right T6 chest wall during the symptomatic phase. In the left (symptomatic) side, there was severe depletion of fibres both in the epidermis and dermis. Fibres in the dermal stratum showed an excessive segmentation. Morphological evaluation of the right asymptomatic side was normal (fig 1 A, B) .
Two years after diabetic truncal neuropathy onset, when symptoms had disappeared, the patient underwent a second skin biopsy from the left T6 chest wall, which disclosed an improved epidermal and dermal innervation with normal morphological features of the fibres (fig 1 C) . PATIENT 2 A 58 year old man developed pain over the left kidney which quickly moved up to the back and the front of the chest, from T3 to T6. The pain was described as deep, pin-like, and knife-like, and on occasion was sudden enough to make him jump. Five months after onset, diabetes was discovered, and oral antidiabetic medication begun. A similar pain then developed over the right low back, which moved superiorly and again radiated to the front, involving T3 through T8 segments. There was an area of hypoaesthesia to hot, cold, and pinprick on the left from T3 to T6 and on the right from T3 to T8 that extended from the midline posteriorly to the midline anteriorly, encompassing the entire dermatomes. Vibration threshold was mildly increased in the big toes. Nerve conduction studies disclosed a mild sensory polyneuropathy; EMG showed fibrillations and positive waves in the left and right T5 paraspinal muscles.
Skin biopsies were taken from the left and right back at T1 (asymptomatic) and T6-T8 segments. The T6-T8 biopsies showed a reduced number of IENFs compared with the uninvolved T1 skin biopsies. Dermal fibres appeared either thickened and dystrophic or fine and excessively segmented, such changes consistent with fibre degeneration have been seen during experimental axonal degeneration.
14 At T1 segments, IENF density was not remarkably higher than that found at the lower thoracic dermatomes, and in the dermis only few varicose and segmented fibres were found. PATIENT 3 A 59 year old man with non-insulin dependent diabetes for 10 years developed the abrupt onset of "burn-like"pain on the anterior chest wall at T7-T8 level bilaterally. He had severe allodynia over his trunk. Acute symptoms partially recovered over the next three to four weeks, replaced by a sensation of constant itching. Then, in the same area, a sharp, needle-like pain developed, more marked on the left side. Pain showed a relapsing-remitting occurrence, with brief though severe episodes about every 30 minutes. He experienced similar pain in his right buttock, feet, and hands, along with numbness in his left thigh. Sensation was decreased to touch, hot, cold, and pinprick over the trunk in the T7-8 area and over the left thigh. Vibratory threshold was increased at the toes. Nerve conduction studies disclosed a mild axonal sensory-motor polyneuropathy. Electromyography showed abnormal spontaneous activity in the right and left T7-T8 paraspinal muscles and in the L5 and, more marked, in the S1 roots bilaterally, although worse on the left side, consistent with a lumbosacral plexopathy. Autonomic function tests showed abnormalities in blood pressure response to grip and in heart rate variability to breathing and the Valsalva manoeuvre.
Skin biopsies were taken from the left T7 segments on back and chest wall and from the ipsilateral T4 segments. A significant reduction of both epidermal and dermal nerve fibres was seen at the left T7 dermatome, compared with the T4 skin biopsy, with an excessive segmentation of nerve fibres within the papillary dermis.
Discussion
In these three patients with diabetic truncal neuropathy, skin biopsies clearly showed that sensory fibres in areas of symptomatic skin were abnormal compared with asymptomatic skin, either contralateral homologous skin or adjacent skin. The loss of IENFs and the presence of degenerative changes of dermal nerve fibres provided an excellent correlation to the subjective sensory findings (figs 1 and 2) .
Moreover, the possibility of performing a follow up skin biopsy in one of our patients also allowed us to confirm that clinical recovery correlated with the regression of the neuropathological changes (fig 1 C) . This study demonstrates the broader use of skin biopsy as an objective measure of nerve fibre function that is minimally invasive and repeatable. 11 12 Diabetic truncal neuropathy represents a distinct syndrome among diabetic patients, mostly with adult onset disease. 1 4 6 In this syndrome, the predominance of sensory symptoms is typical. Symptoms that often appear abruptly, are characterised by burning or sharp pain over the back and chest, usually with a dermatomal distribution. Occasionally, abdominal wall weakness may be present. 4 5 15 In almost all the clinical series 2-5 9 as well as in our patients, patients complain of frank pain, unpleasant dysaesthesias, and paraesthesias, associated with hyperpathia and allodynia. These symptoms are related to dysfunction of small myelinated and unmyelinated sensory fibres. Electromyography is useful in diagnosis to confirm the neuropathic nature of the disorder. Although the prognosis of diabetic truncal neuropathy is good, 1 extensive investigations to exclude possible cardiac, gastrointestinal, and intraspinal diseases are usually performed. 4 6 Our patients exhibited many of the features previously described in diabetic truncal neuropathy. 1 3 4 In two of our cases, diabetes was diagnosed at the onset of the 
from patient 1 with left T3-T8 diabetic truncal neuropathy (A and B magnification originally x1.25; C magnification x310; D magnification originallyx275). (A and C (enlarged from A)) Left and (B and D (enlarged from B)) right T6 chest wall biopsy. Comparison between the two sides clearly shows the severe and diVuse reduction of cutaneous innervation in the symptomatic region.
neuropathy. Cardiac and gastrointestinal evaluation were performed before the neurological diagnosis was made. Nerve conduction studies disclosed the presence of associated symmetric polyneuropathy in all patients, and autonomic function abnormalities were present in the one patient tested. Abnormalities in EMG were most prominent in symptomatic paraspinal muscles. Because of the primary impairment of small myelinated and unmyelinated fibres, nerve conduction studies alone cannot confirm the diagnosis of diabetic truncal neuropathy.
The localisation of the lesion(s) causing diabetic truncal neuropathy is still controversial. It has been suggested that the disease may develop from involvement of one or more dorsal root ganglia as well as spinal roots, mixed spinal nerves, thoracic posterior primary rami, intercostal nerves, and abdominal nerves. 5 A dermatomal distribution of the symptoms would suggest a lesion of dorsal root ganglia or spinal nerves, whereas more restricted patterns would imply damage of dorsal rami or of their medial and lateral branches. Paraspinal muscle denervation suggesting involvement of motor fibres would localise the lesion to the nerve root, spinal nerve, ventral ramus, or anterior horn cell level. In addition, lesions involving diVerent sensory and motor fibres within the spinal nerve roots could be postulated. 5 Recent experimental findings 16 disclosed that IENF density significantly decreased after either dorsal root ganglionectomy or sciatic nerve transection in rats, but did not after dorsal and ventral radiculotomy, sympathectomy or spinal motor neuron lesion. Thus the finding in all our patients of abnormal epidermal innervation within the symptomatic regions suggests a primary lesion of either dorsal root ganglia, spinal nerve, or peripheral nerve; the presence of paraspinal denervation suggests that the lesion is either in spinal roots or peripheral nerves before the branches to paraspinal muscles exit. Without a necropsy evaluation of a symptomatic patient, the precise localisation of the lesion(s) will remain controversial.
The pathogenesis of the syndrome remains unknown. It has been suggested that patients with rapid and limited onset have a multifocal vascular disorder, whereas those with gradual and more widespread symptoms could be aVected by a metabolic dying back process. 1 6 The possible mechanism(s) causing pain in diabetic neuropathies is still debated. In particular, the relation between symptoms and nerve morphology has been controversial. Impulses arising from damaged or regenerating small myelinated and unmyelinated axons have been suggested to be the generators of pain. 17 18 However, the number of degenerating or regenerating axons documented by nerve biopsy did not correlate with painful symptoms in several studies. [19] [20] [21] [22] Investigations of experimental peripheral nerve injury have shown that after A and C fibres had broken down, these primary aVerents became spontaneously active and had lowered thresholds to physiological stimuli. 23 Similar evidence has been reported in human peripheral nerve injury. 24 25 Transient injury of distal nerve fibres can induce a temporary CNS sensitisation which, once established, maintains the secondary hyperalgesia with only a low level of C nociceptor inputs. 26 27 We have recently shown that in patients with idiopathic painful small fibre neuropathies and distal small fibre sensory loss, there is loss of the most distal terminals of small myelinated and unmyelinated fibres. 28 Lastly, Rowbotham 
